Four strains alternating between yeast and filamentous growth morphologies were isolated from flowers in two regions of Laos. In liquid environment the isolates propagated by budding and developed irregularly shaped pseudohyphae. On solid media, their yeast cells switched to hyphal growth which could return to the yeast phase by developing lateral blastoconidia. The sequences of the D1/D2 domains of the large subunit (LSU) 26S rRNA genes, the internal transcribed spacer (ITS) regions and the small subunit (SSU) 18S rRNA genes were identical in the four strains and differed from the corresponding sequences of other yeast species available in databases by at least 11 % (D1/D2), 13 % (ITS) and 7 % (SSU). In an independent project, two strains with D1/D2 and ITS sequences very similar to those of the Laotian strains were found in bark samples collected in Brazil. The six strains also differed from the closest yeast species in physiological properties, indicating that they represented a hitherto undescribed species. Phylogenetic analysis of the D1/D2 sequences, and the concatenated sequences of the SSU rRNA genes, D1/D2 domains of LSU rRNA genes as well as the protein-encoding genes ACT1 and TEF1 placed thestrains close to Hyphopichia. To reflect this position, the novel genus name Metahyphopichia gen. nov. and the novel species name Metahyphopichia laotica gen. nov., sp. 
Four strains alternating between yeast and filamentous growth morphologies were isolated from flowers in two regions of Laos. In liquid environment the isolates propagated by budding and developed irregularly shaped pseudohyphae. On solid media, their yeast cells switched to hyphal growth which could return to the yeast phase by developing lateral blastoconidia. The sequences of the D1/D2 domains of the large subunit (LSU) 26S rRNA genes, the internal transcribed spacer (ITS) regions and the small subunit (SSU) 18S rRNA genes were identical in the four strains and differed from the corresponding sequences of other yeast species available in databases by at least 11 % (D1/D2), 13 % (ITS) and 7 % (SSU). In an independent project, two strains with D1/D2 and ITS sequences very similar to those of the Laotian strains were found in bark samples collected in Brazil. The six strains also differed from the closest yeast species in physiological properties, indicating that they represented a hitherto undescribed species. Phylogenetic analysis of the D1/D2 sequences, and the concatenated sequences of the SSU rRNA genes, D1/D2 domains of LSU rRNA genes as well as the protein-encoding genes ACT1 and TEF1 placed thestrains close to Hyphopichia. To reflect this position, the novel genus name Metahyphopichia gen. nov. and the novel species name Metahyphopichia laotica gen. nov., sp. nov. are proposed for them. The type strain of the type species is 11-1006 T (=CBS Alternation between yeast and filamentous growth phases is a widespread phenomenon in all larger taxonomic groups of Basidiomycota and Ascomycota. The ability to switch between growth phases helps the di-and polymorphic fungi adapt to changes in the environment. For example, species are known that propagate by producing yeast cells in liquid substrates and by forming hyphae or pseudohyphae (or both) on/in solid substrates (e.g. Sipiczki et al., 1998) . In pathogenic species, the morphological transitions are usually associated with changes in pathogenicity (for a review, see Nemecek et al., 2006) . The signals that induce phase transitions and the mechanisms by which the organisms reprogram themselves are poorly understood in most species. Detailed molecular analyses have been performed in a limited number of species (for reviews, see Han et al., 2011; Gancedo, 2001 ) and revealed considerable diversity. In a recent bioinformatics analysis (Nagy et al., 2014) , we found that the diversification of Zn-cluster transcription factors may play an important role in the yeast-filamentous transitions. Identification and characterization of novel species with di-or polymorphic growth cycles could contribute to a better understanding of the phenomenon. Motivated by these perspectives, we isolated yeasts capable of switching to filamentous growth from plant material collected in various geographical localities. Certain isolates turned out to represent novel species of various ascomycetous or basidiomycetous genera (e.g. Sipiczki & Kajdacsi, 2009; Sipiczki, 2011 Sipiczki, , 2012 Sipiczki, , 2013 ). Here we report on another group of strains (Table 1) capable of alternation between yeast and filamentous morphologies. The strains represent a novel species related to Hyphopichia and Danielozyma.
To isolate yeasts capable of morphological transitions, plant material was collected in various localities in Laos in 2008. The samples were macerated in sterile water and aliquots were streaked on YEA (1 % yeast extract, 2 % glucose, 2 % agar, w/v). After incubation at 25 C for 10 days, yeast colonies fringed with mycelia were isolated. Three samples (fallen small flowers of uncertain origin) collected in the outskirts of the town Luang Prabang and one sample from Vientiane [fallen Dok Champa (Plumeria alba) flower] produced colonies with wrinkled surface and mycelium. Representatives of colonies were isolated from each sample and restreaked on fresh YEA plates to select pure clones. The colonies of the Luang Prabang strains were more wrinkled and occasionally segregated into sectors with smoother surface (Fig. 1a, b) . Both the more wrinkled and the smoother parts consisted of mixtures of budding yeast cells and pseudohyphae (Fig. 1c) but the proportion of pseudohyphae was lower in the sectors with smoother surfaces. On nutrientpoor media such as corn-meal agar (van der Walt & Yarrow, 1984) , the yeast colonies of all isolates were thinner and released rapidly growing mycelium into the medium. Consistent with this colony morphology, all strains developed a mesh of branched hyphae in thin YEA films sandwiched between a glass slide and a coverslip (a modified Dalmauplate method; Sipiczki, 2011) (Fig. 1e, f) . On older parts of the hyphae, blastoconidia were formed which then divided by budding and established satellite yeast colonies along the hyphae (Fig. 1g) . In the liquid medium YEL (YEA without agar), budding yeasts and pseudohyphae of irregular shape and size were observed. Blastoconidia were also formed on the pseudohyphae (Fig. 1d) . Similar morphological transitions have been observed in many other dimorphic species (Kurtzman et al., 2011) .
For molecular analysis, genomic DNA was extracted from overnight cultures of three Luang Prabang isolates and one Vientiane isolate grown in YEL broth as described previously (Sipiczki, 2003) . The purified DNA was used for the amplification of the D1/D2 domains of the large subunit (LSU) rRNA genes of the isolates with the primers NL-1 and NL-4 (O'Donnell, 1993) . The amplified DNA was purified and sequenced using the amplification primers. The D1/D2 sequences of the isolates were identical. The sequences of the ITS1-5.8S-ITS2 regions and the small subunit (SSU) rRNA genes of one isolate from Luang Prabang (11-1006 T ) and one isolate from Vientiane (11-516) were also determined and found identical. The primers used for amplification and sequencing were ITS1 and ITS4 for the ITS regions (White et al., 1990) , and Fungi-18S-up and ITS4 for the 18S rRNA gene (Sipiczki & Kajdacsi, 2009 ). The results of the sequence comparisons indicated that the isolates were conspecific. The GenBank accession number of the ITS1-5.8S-ITS2 sequence of strain T is JX515976; the other accession numbers are listed in Table S1 (available in the online Supplementary Material).
The MEGABLAST similarity search with these sequences in the GenBank database (http://blast.ncbi.nlm.nih.gov/Blast.cgi) found no identical sequences. The most similar D1/D2 sequence was from Candida silvanorum NRRL Y-7782 (GenBank accession no. U71068): 11 % nucleotide difference (22 substitutions and 16 indels). Many D1/D2 sequences of taxonomically uncharacterized yeasts and strains of the Danielozyma (Kurtzman & Robnett, 2014) , Hyphopichia (Groenewald & Smith, 2010; Limtong et al., 2012) , Metschnikowia (Lachance, 2011) and Pichia (Kurtzman, 2011b) clades as well as the Candida haemulonii species complex (Cendejas-Bueno et al., 2012) showed 82-88 % identity. The most similar ITS sequences (85-87 % identity) and 18S sequences (92-93 % identity) were also from species belonging to these clades or from taxonomically uncharacterized strains. The significant sequence differences indicated that the Laotian polymorphic isolates represented a hitherto undescribed novel yeast species.
Recently, a D1/D2 sequence (GenBank accession no. KC206086) was deposited in the database which showed 99 Sampaio & Gonçalves (2008) . DNA extraction, PCR reactions and sequencing of the D1/D2 domains were done as described by Safar et al. (2013) . Both Brazilian strains produced both pseudohyphae and mycelium. The ITS1-5.8S-ITS2 sequence (GenBank accession no. KP262069) of UFMG-CM-Y6070 differed from that of strain 11-1006 T at 10 positions which is close to the average intraspecific variability (2.51 % with a standard deviation of 4.57) determined by Nilsson et al. (2008) for fungi, but higher than the usual variability within ascomycetous yeast species (e.g. Chen et al., 2001; Kurtzman, 2012) . To further examine the relationship of 11-1006
T and UFMG-CM-Y6070, we amplified and sequenced regions of their genes coding for actin (ACT1), the RNA polymerase II (RPB2) and the translation elongation factor 1-alpha (TEF1) using the primer pairs CA1 and CA5R (for ACT1), RPB2-6F and fRPB2-7cR (for RPB2), and YTEF-1 and YTEF-6A (for TEF1), with the enzyme DreamTaq (Thermo) (Kann, 1993; Kurtzman & Robnett, 2003) . The amplification parameters were: initial denaturation step at 95 C for 5 min, 30 cycles at 95 C for 50 s, 55 C for 50 s, 72 C for 70 s and a final elongation step at 72 C for 5 min. The same primers were used for sequencing the amplified fragments (Table S1 ). The differences found in their blast2 alignments (1 substitution and 1 indel for ACT1, 2 substitutions for RPB2, and 10 substitutions and 1 indel for TEF1) confirmed the close relationship detected between their D1/D2 domains.
Both the Laotian and the Brazilian groups of isolates were tested for physiological properties and sporulation using standard taxonomic methods (van der Walt & Yarrow, 1984) and were found to differ in numerous traits from the type strain of C. silvanorum, the most closely related species in terms of rDNA sequence similarity (Table 2) . No variability was detected among the isolates. Mating and sporulation was tested both in pure cultures and in mixed cultures with other strains by cultivation on acetate agar, malt-extract agar and corn-meal agar at 17 C and 25 C for 4 weeks. Neither mating nor sexual sporulation was observed in the cultures.
To determine the phylogenetic position of the strains of the novel species, phylogenetic analyses were carried out with the D1/D2 domain sequences of strains 11-1006 T (GenBank accession no. JX515975), UFMG-CM-Y6070 (KC206086) and the type strains of species of related genera. Sequences which did not overlap the entire variable regions of the domain were not involved in the analysis. For multiple alignment of sequences, the CLUSTAL W 1.7 (Thompson et al., 1994) and the MAFFT version 6 (Katoh & Toh, 2008) algorithms were used. After the first alignment, the overhangs of the sequences that did not overlap with all other sequences were removed and a new alignment was produced for the phylogenetic analysis. The alignments were then analysed with Bayesian (Mr Bayes 3.2; Ronquist et al., 2012) , maximum-likelihood (PHYML 3.0; Guindon et al., 2010), neighbour-joining, and maximum-parsimony (PHYLIP version 3.67 software package; Felsenstein, 2007) methods. The Bayesian tree was generated with the GeneralTime-Reversible (GTR) substitution model for nucleotide sequences (Saccone et al., 1990 ) and gamma-shaped rate variation with a proportion of invariable sites. The MCMC processes were set so that four chains were run simultaneously for 3 000 000 generations. The average standard deviation of split frequencies was 0.004469, indicating a convergence. Bayesian posterior probability of the branches was estimated from 1937 trees. In the maximum-likelihood analysis, settings were made according to the best model suggested by the Akaike Information Criterion (AIC) in jModelTest version 2.0.2 (Posada, 2008) . In the neighbourjoining analysis, the F84 model of nucleotide substitutions (Felsenstein & Churchill, 1996) was used for computing distance matrices. Confidence limits for this and the parsimony analysis were estimated by bootstrapping based on 1000 replications using the SEQBOOT and CONSENCE (majority-rule) programs of the PHYLIP package. Trees were visualized with the TreeView (Page, 1996) and FigTree (http:// tree.bio.ed.ac.uk/) programs.
In all analyses, the Laotian and Brazilian strains shared a branch clearly separated from the type strains of all species whose strains were identified in the database search as having similar D1/D2 sequences, confirming that they constitute a distinct species. All methods identified C. silvanorum as their closest relative and placed them close to the genera Hyphopichia, Danielozyma and Metschnikowia (Fig. S1 ).
In all trees, the joint branch of the new strains and the type strain of C. silvanorum separated from the Hyphopichia lineage, but the statistical support of this node was always very weak. Hence, we conducted an analysis with more chromosomal regions of representatives of a broader spectrum of genera. For multilocus tree inference we concatenated D1/D2, 18S SSU (small subunit rRNA), ACT1 (coding for actin) and TEF1 (coding for translation elongation factor 1-alpha) gene sequences. As such sequences were not available for all related type strains, we first sequenced their missing genes (Table S1) using the primers and methods described above and in Kurtzman & Robnett (2003) . Sequence alignment and tree inference were performed as described above. The analysis of the concatenated sequences placed strains 11-1006 T and UFMG-CM-Y6070 near the genus Hyphopichia (Fig. 2) on a well-separated branch with strong statistical support. The 11-1006 T sequences differed in BLAST alignments from the corresponding sequences of the type strain (CBS 2352 T ) of Hyphopichia burtonii, the type species of the genus Hyphopichia at 35 (D1/ D2), 84 (SSU rRNA), 78 (ACT1), 107 (TEF1), and 121 (RPB2) positions. Within the ITS1-5.8S-ITS2 segment, similarity (95 %) was detected only in the 5.8S gene. These results indicate that the Laotian and Brazilian strains represent a novel species of a novel genus. To accommodate them in the taxonomic system of yeasts, we propose the genus name Metahyphopichia gen. nov. and the species name Metahyphopichia laotica gen. nov., sp. nov. which refers to the geographical location of the site, from where the type strain (11-1006 T ) was isolated. T and UFMG CM-Y6070 with related species and genera determined from Bayesian analysis of concatenated chromosomal sequences of SSU rRNA, D1/D2 domains of LSU rRNA, ACT1 and TEF1. The type strain of Schizosaccharomyces pombe was the outgroup in the analysis. Posterior probability values are given at branch nodes. See Table S1 for sequence accession numbers. For concatenation, CLUSTAL X alignments were prepared for each gene separately and the terminal regions not overlapping with the shortest sequence were removed from all sequences. The shortened sequences were then concatenated and aligned with CLUSTAL X. This alignment was used in the Bayesian analysis. Bar, 0.06 substitutions per site.
Metahyphopichia laotica gen. nov., sp. nov. is a morphologically variable yeast like its closest relative, the dimorphic C. silvanorum originally identified in beetle infestations (van der Walt et al., 1971) and numerous species of the genus Hyphopichia (Kurtzman, 2011a; Limtong et al., 2012) . It can switch from yeast morphology to filamentous morphology, and its hyphae penetrate into solid substrates where they establish satellite yeast colonies during their extension. A similar colonizing strategy was recently observed in a species of the genus Pichia (Sipiczki, 2013) . It is likely that other dimorphic species of the genera Pichia and Hyphopichia also make use of morphological transitions for more effective colonization of solid and semisolid substrates.
The occurrence of Metahyphopichia laotica gen. nov., sp. nov. associated with flowers and tree barks suggests that these substrates could be its ecological niche. Probably, insects that visit these substrates are the vectors of this new yeast species. Several recently described yeast species, such as Candida golubevii, Moniliella fonsecae, Saccharomycopsis fodiens and Kodamaea transpacifica, are reported to occur in South America and Asia (Rosa et al., 2009 (Rosa et al., , 2010 Lachance et al., 2012; Freitas et al., 2013) . Freitas et al. (2013) suggest that the dispersion of some of these species may be linked to the activity of ancient human populations. The occurrence of Metahyphopichia laotica gen. nov., sp. nov. in Asia and South America could also be linked to the dispersion of plants with their indigenous microbiota by these ancient populations, however, this hypothesis needs further studies to be proven. Metahyphopichia laotica (la.o¢ti.ca N.L. nom.fem. adj. laotica pertaining to Laos from where the type strain was isolated).
Description of
In the liquid medium YEL, after 2 days of incubation at 25 C, cells are round to long oval, 1-3Â1.5-4.5 µm, occur singly or in pairs and propagate by budding (Fig. 1c) . Surface ring and sparse sediment are present. On YEA, after 1 month at 25 C, the colonies are white to cream, with venose to wrinkled surface and eroded margin but also with smoother sectors (Fig. 1a, b) . Pseudohyphae consisting of irregularly elongated and curved cells are produced both in liquid and on solid media (Fig. 1c, d ). Invasive mycelium is formed in the solid medium under and around the yeast colonies. In thin films of YEA sandwiched between glass slides (modified Dalmou plates), elaborate branching mycelium (Fig. 1e, f) of septate hyphae and pseudohyphae is formed. Ovoid to elongate (2-3Â3-6 µm) blastoconidia develop on the hyphae. The blastoconidia propagate by budding and establish yeast colonies along the extending hypha (Fig. 1g) . No ascospores are produced on YEA, acetate agar, malt-extract agar or corn-meal agar (for the description of media, see van der Walt & Yarrow, 1984) after 4 weeks of incubation at 17 C and 25 C. For description of the biochemical and physiological characteristics, see Table 2 . M. laotica differs from the most closely related species in numerous properties which allow their differentiation by conventional taxonomic tests. The MycoBank number is MB 808254.
